γH2AX, pChk1, and Wip1 as potential markers of persistent DNA damage derived from dibenzo[a,l]pyrene and PAH-containing extracts from contaminated soils.
Polycyclic aromatic hydrocarbons (PAHs) are formed during incomplete combustion of organic material and are ubiquitous environmental contaminants. High levels of PAHs are commonly found in soils at industrial sites, thereby constituting a risk for humans and the environment. However, this risk is often difficult to estimate due to the complexity of the contamination. In the present study, we investigated the cellular DNA damage response induced by extracts of PAH-contaminated soils collected at various industrial sites in Sweden. The results show that interactions of PAHs in the soil extracts caused activation of DNA damage signaling consistent with persistent DNA damage. Signaling in HepG2 cells exposed to soil PAH extracts corresponding to 1 μM benzo[a]pyrene was similar to that of 0.1 μM dibenzo[a,l]pyrene, a highly carcinogenic PAH known to produce persistent DNA damage. The response involved prolonged activation of DNA damage marker (H2AX), check point kinase (Chk1), and phosphatases (Wip1). Furthermore, blocking DNA damage signaling using specific inhibitors and siRNA showed the important role of signaling through Chk1 for the level of DNA damage. We conclude that the combination of prolonged Chk1 phosphorylation and induced expression of Wip1 might serve as potential markers for persistent DNA damage induced by complex mixtures of environmental PAHs. Discrepancies between mRNA and protein levels of Wip1 in response to soil extracts, in parallel with increased microRNA (miR)-16 levels, suggest a role of miR-16 in the regulation of DNA damage signaling in response to PAHs. Taken together, our data indicate that PAH extracts induce irreparable DNA damage and that this is consistent with the prolonged activation of DNA damage signaling.